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ABSTRACT 

Work  continued  on  development  and  fabrication  of  a  high-speed  silicon 
avalanche  photodetector  optimized  for  operation  at  0. 9  [.an.  During  this 
quarter  work  was  concentrated  on  the  fabrication  and  characterization  of  diodes. 

A  run  of  NPirP  diodes  was  completed  with  avalanche  breakdown  taking 
place  in  the  active  region  instead  of  the  edge.  However,  there  were  micro- 
plasmas,  and  the  gains  were  low. 

A  new  run  of  the  graded- guardring  structure  was  completed,  and  the 
yield  was  high.  With  this  run  and  the  run  processed  earlier  there  are  suffi¬ 
cient  diodes  to  meet  the  contract  requirements. 

i  .venty  state-of-the-art  samples  were  characterized  and  delivered. 
Results  on  the  N  P  graded- guardring  diodeB  were  very  encouraging.  Ava¬ 
lanche  gains  of  over  300  were  typical.  Several  of  the  diodes  exhibited 
theoretical  noise  characteristics  with  gains  greater  than  600.  The  series 
resistance  was  determined  to  be  approximately  ?5  ohms  from  forward  bias 
dc  measurements.  Capacitance  of  both  types  of  structures  was  approximately 
1. 4  pF  at  breakdown. 
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W.  N.  Shaunjield 
Project  Engineer 
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SECTION  I 

TECHNICAL  REVIEW 

A.  PURPOSE 

Texas  Instruments  is  conducting  a  program  of  development  aimed  at  fabricating 
photodiodes  -which  satisfy  the  following  goals: 

1)  An  NPfTP  photodetector  will  be  developed  which  utilizes  the 
avalanche  mechanism. 

2)  The  detector  will  be  optimized  to  operate  at  0.  S-/mi  wavelength. 

3}  Design  goals  for  the  detector  will  be  a  response  of  0. 15  ns  with  a 

sensitivity  equal  to  or  better  than  that  of  a  photomultiplier  tube 
used  at  the  same  wavelength. 

4)  The  photodiodes  will  operate  at  and  above  room  temperature  and  will 
not  be  affected  by  100°  C  storage  temperature. 

5)  The  photodiodes  will  be  capable  of  providing  amplification  of  100 
or  greater. 

The  program  consists  of  two  phases:  I,  design  and  fabrication  of  the  avalanche 
photodiodes;  n,  testing  and  characterization.  Phase  II  will  begin  with  completion  of 
the  first  diffusion  runs  to  determine  whether  any  modifications  in  the  original  design 
are  necessary  to  achieve  the  desired  characteristics.  Specific  steps  of  the  program 
are; 

1)  Obtain  photomasks 

2)  Determine  optimum  diffusions 

3)  Produce  experimental  epitaxial  slices 

4)  Fabricate  experimental  planar  epitaxial  diodea 

5)  Characterizati  m  of  experimental  diodes,  including  quantum 
efficiency,  gain  characterization,  noise  performance,  and  frequency 
response. 
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3.  GENERAL  FACTUAL  DATA 


Personnel  and  Hours  Worked 


Professional 

Hours 

. 

W.  N.  Shaxmfield 

279.0 

Jim  Lewis 

21.0 

- 

Total  Professional 

300.0 

Technician 

Jerry  Reid 

302.9 

Pauline  Harris 

55.  0 

Jean  Aihey 

55. 0 

Fam  Angelo 

41.  0 

Helen  Bryant 

16.0 

Total  Technician 

469.9 

C.  DETAILED  FACTUAL  DATA 


1,  Device  Design  and  Fabrication 

a.  NPjtP  Structure 


In  the  second  quarterly  report  the  problem  of  edge  breakdown  in  the 
NPffP  structure,  and  several  possible  solutions,  were  discussed.  The  first  of  these 
solutions  was  to  increase  further  the  P- diffusion  concentration.  S  was  pointed  out  that 
because  of  the  edge  effects  the  P-diffusion  concentration  would  be  even  more  critical 
than  originally  expected.  One  run  of  the  NPit  P  structure  with  an  increased  P-diffusion 
concentration  was  fabricated  during  the  third  quarter.  For  the  first  time  in  the  NPsP 
structure  with  the  wide  epitaxial  layer,  breakdown  in  the  active  region  of  the  diode  was 
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s 
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observed  Many  areas  of  the  slice  still  bad  edge  breakdown.  Of  the  diodes  wMch  showed 
breakdown  in  the  active  area  none  had  a  uniform  breakdown;  large  numbers  of  micro- 
plasmas  were  present.  Either  the  starting  material  had  imperfections  or  they  were 
introd'sced  during  the  diffusion  steps. 

The  technique  of  etching  a  moat  around  the  diode,  so  that  the  material 
containing  the  high  electric  fields  at  the  edge  would  be  removed,  was  also  investigated. 
The  experiment  was  unsuccessful,  the  meat  ring  on  the  photomask  being  too  small  for 
accurate  exposure  of  the  thick  XMER  required  for  etching  of  silicon.  Since  a  completely 
planar  process  is  more  desirable  than  a  mesa  process,  it  was  felt  that  a  new  photomask 
to  perform  the  moat-etching  experiment  was  not  justified. 

Edge  breakdown  is  the  result  of  peaking  of  the  electric  field  due  to  the 
sharp  radius  of  curvature  of  the  junction.  It  become?  predominant  when  the  junction 
depth  is  small  compared  to  file  depletion  layer  width,  as  in  the  wide-epitaxial-layer  HPST 
structure.  This  effect  could  be  reduced  if  the  junction  were  made  deeper,  resulting  in  a 
larger  radius  of  curvature  of  the  junction.  Several  slices  from  runs  processed  earlier 
were  rediffused  to  make  the  N-type  diffusion  deeper,  causing  the  diodes  to  have  active 
region  breakdown. 

The  rediffused  diodes  still  had  edge  breakdown,  and  an  examination  g2 
theiv  capacitance-voltage  characteristics  revealed  the  cause.  The-  NPr  ?  structure  is 
characterized  by  a  hign  capacitance  which  decreases  rapidly  with  increasing  voltage  as 
the  depletion  region  extends  through  the  higb-cc ncentration  P-diffasion  and  then  through 
file  low  concentration  tr -layer.  A  typical  capacitance-voltage  characteristic  is  shown 
in  Figure  1  for  diode  1-1  from  run  BAPD-3.  In  the  rediffused  diode,  H-l  from  the  same 
run,  there  is  a  gradual  decrease  in  capacitance,  with  increasing  voltage  indicating  that 
file  rediffusion  step  caused  the  N-dfffu3ion  to  move  through  the  p-diffusion  region.  Bevel 
lapping  and  staining  of  the  diodes  showed  that  the  N- diffusion  moved  from  approximately 
1. 0  pm  to  1. 5  pm  during  rediffusion.  Without  the  effect  cf  the  p-diffusion  the  diode  is  an 
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Ntr  P  diode  and  would  break  down  on  the  edge.  It  was  hoped  that  the  P-diffusion  would 
move  almost  as  fast  as  the  N-diffusion,  the  result  being  an  KPv  P  diode  with  a  larger 
radius  on  the  Iv-diffusion. 

Because  of  the  problems  inherent  in  tie  wide- epitaxial-layer  NPr  p 
structure  the  effort  has  been  discontinued,  No  new  epitaxial  slices  were  ordered  during 
the  third  quarter.  The  remaining  time  will  be  spent  on  the  N  P  structure  with  the  graded 
guaruring. 


b.  N  P  iStructure 


In  the  second  quarterly  report  the  preliminary  results  of  the  first  ran 

4. 

of  the  NP  structure  were  discussed.  The  yield  was  very  good  and  file  diodes  had  high 
uniform  gain.  Bevel  lapping  and  staining  of  the  diodes  showed  the  graded  gaardrimj 
junction  to  be  4-5  pm  deep,  and  the  active  region  to  be  3. 0  pm  deep.  During  file  third 

J- 

quarter  an  additional  run  of  the  N  P  structure  was  fabricated,  wifi  res  alts  similar  to 
those  oi  the  first  run.  With  these  two  runs  there  are  sufficient  diodes  to  meet  the  con¬ 
tract  requirements. 


Because  of  the  low  impurity  concentration  in  the  substrate  of  the  N? 
structure,  ths  series  resistance  is  higher  than  that  in  the  NPr  P  structure.  This  can 
be  reduced  by  fabricating  the  diode  in  an  epitaxial  layer  on  a  high-concentration  substrate. 
Bering  the  fiord  quarter  one  run  of  file  N  P  structure  was  fabricated  on  epitaxial  slices 
normally  used  for  file  N Pit  P  structure.  Since  the  cpiti  vial-layer  impurity  concentration 
was  too  low,  the  guardring  diffusion  went  too  deep  and  file  depletion  region  punched 
through  Sie  epitaxial  layer.  As  a  result  the  electric  field  was  higher  at  the  edge,  and 
file  diodes  had  edge  breakdown.  The  epiisxisl-laygr  thickness  should  be  so  chosen  that  the 
combined  depth  of  the  diffusion  and  the  width  of  ths  depletion  region  rt  breakdown  are 
greater  than  the  epitaxial- layer  width.  New  epitaxial  material  satisfying  these  reqsgre- 

A  4-4- 

meats  has  been  ordered  and  the  epitaxial  N  P  structure,  an  N  PP  structure,  will  be 
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fabricated.  These  new  fabrication  and  material  charges  are  being  funded  by  the  com¬ 
pany;  however,  if  the  effort  is  successfd  before  the  contract  is  over,  this  type  of  diode 
will  be  supplied  on  the  contract. 

c.  Package  and  Diode  Mount 

The  diodes  supplied  on  the  contract  are  being  fabricated  in  the  coaxial 
pill  package  Bhown  in  Figure  2.  Not  shown  is  the  lid,  which  has  a  lens  formed  in  a 
40-mil  apertrre.  Using  a  collimated  light  source,  such  as  a  laser,  the  lens  projects  a 
spot  on  the  diode  less  than  10  mils  in  diameter.  The  package  can  be  mounted  in  a  PC 
board  or  in  a  BNC  connector  using  the  diode  mount  shown  in  Figure  3.  With  the  diode 
and  pin  installed,  the  shell  is  alid  inside  the  BNC  Connector,  making  sure  the  shell  con- 
tacts  the  top  ring  of  the  diode.  In  the  normal  reverse  biased  mode  for  the  N  P  structure 
the  pin  is  biased  negative  with  respect  to  the  shell. 
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Table:  Characteristics  of  BuShip  Avalanche  Photodiodes 


Run  No. 

Device  No. 

..  .  i 

Breakdown 

Voltage 

Volts 

Gain 

M 

Noise 

Slope 

d 

Bulk 

Leakage 

Current 

nA 

BSAPD-I 

1 

167.71 

>400 

2.  25 

2 

171.93 

>300 

2.4 

— 

3 

167.23 

~  20 

— 

— 

4 

173.66 

>  640 

2.24 

0.  85 

5 

159.98 

~  200 

2.27 

— 

6 

170.  02 

>  350 

2.24 

0.5 

7 

164.28 

~  280 

2.24 

1.2 

8 

156.13 

~  80 

2. 22 

1.2 

9 

173.49 

>350 

2.  23 

0.5 

10 

176.  59 

>710 

2. 25 

1.5 

RAPD-3I 

2 

181.35 

— 

— 

1 

i 

i 

3 

208.  85 

— 

_ 

I 

j 

4 

215.43 

— • 

_ 

i 

1 

I 

6 

215. 59 

2.5 

— 

] 

BAPD-3H 

1 

208. 35 

4.0 

— 

3 

206. 01 

2.5 

~3 

! 

e 

u 

196. 69 

4.0 

~2. 28 

j 

EAPD-7HI 

1 

274. 91 

2.0 

— 

2 

288.72 

— 

— 

3 

268, 3& 

— 

Remarks 


Low  gait 


Low  gain  -2 


Low  gain 


Low  gain 


structure,  and  were  included  since  that  was  the  original  structure  proposed.  The  N  P 
diodes  are  much  superior  in  performance  and,  because  of  their  high  gain,  allowed  a 
more  complete  characterization. 


a.  Capacitance 


The  capacitance  of  both  types  of  diodes  is  approximately  1. 4  pF  at 
breakdown.  A  typical  capacitance-voltage  characteristic  is  shown  in  Figure  1  for  the 
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NPtrP  structure  and  Figure  4  for  the  N+P  structure.  The  capacitance  measurements 
were  made  on  diodes  mounted  in  the  coaxial  pill  package  which  has  a  package  capacitance 
of  0. 3  pF.  Since  the  measurements  were  made  at  low  frequency,  1  MHz,  the  junction 
capacitance  can  be  found  by  subtracting  the  pacaage  capacitance  from  the  measure  capaci¬ 
tance.  At  high  frequencies  the  diode  scries  resistance  would  complicate  the  computation. 

b.  Gain  Characteristics 


Avalanche  gain  for  the  measurements  was  found  by  taking  the  ratio  of 
the  diode  photccurrent  at  high  reverse  bias  near  breakdown  to  the  pbotocurrent  at  a  low 
bias  below  breakdown.  Although  the  measurements  can  be  made  at  dc,  the  test  or.  the 
diodes  waa  made  using  a  400-Hz  amplitude  modulated  light  source  at  8200  K  Caing  the 
photore3ponse  at  30  volts  for  a  reference  gain  of  one,  the  typical  gain- voltage  character¬ 
istic  for  a  graded-guardring  diede  is  shown  in  Figure  5.  The  gain-voltage  characteristic 
for  avalanche  has  been  described  by  Miller*  as 


i  -<v/vBf 


For  the  data  shown  in  Figure  5  and  M  >  16,  n  in  the  above  equation  is  0.42.  For  lower 
gains  n  becomes  larger. 

The  gain  shown  in  the  table  is  the  gain  at  which  the  measuring  circuit 
saturated  or  excess  noise  occurred,  indicating  a  microplasma  went  into  sustained 
breakdown. 


*  S.  L.  Miller,  ‘ 'Ionization  Ratos  for  Holes  and  Electrons  in  Silicon, "  Phys,  Rev. . 
Vol.  105  (February  1857),  pp.  1246-1248. 
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c.  Noise  Characteristics 

■  ■■  1  I  m  •  m,  —  ■  r  ■  pr  ■  * 

j 

The  noise  of  th9  avalanche  process  has  been  described  .ry  McIntyre* 
as 

~2  <* 
i  =2q  Af  I,  M 
n  5> 

where 


Af  is  the  bandwidth 

is  the  dc  photocurrent 
q  is  the  electronic  charge 
M  is  the  gain 
d  is  the  noise  slope 

The  noise  current  squared  was  measured  in  a  system  at  a  center  frequency  of  3. 8  KHz 
and  a  bandwidth  of  2. 3  KHz.  A  plot  of  the  typical  characteristics  is  shown  fu  Figure  6. 
The  dc  photocurrent  was  16. 5  nA.  The  data  are  in  agreement  with  the  above  equation 
over  7  decades  of  noise.  The  noise  power  is  found  to  increase  with  M  to  the  2. 25  power. 
The  measuring  circuit  saturated  at  M  =  710,  and  measurements  were  not  taken  at  higher 
gains.  The  value  for  d  for  the  oth^r  diodes  is  shor.n  in  the  table.  Diodes  B3APD-I 
Nos.  3  and  8  showed  a  sharp  rise  in  noise  from  the  theoretical,  indicating  that  micro- 
plasmas  were  present  in  the  active  area. 


d.  Bulk  Leakage  Current 

Because  of  the  high  substrate  resistivity  (6. 5  0  cm)  of  the  graded- 
guardring  structure,  this  structure  has  a  higher  bulk  leakage  current  than  the  NPtr  P 
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Figure  6.  Noise  Current  Squared  versus  M(BSAPD-I  No.  10) 
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structure.  It  is  high  enough  to  be  measured  by  plotting  the  total  leakage  current  versus 
avalanche  gain.  3mce  the  surface  leakage  ourrent  is  not  multiplied,  the  slope  of  the 
curve  is  the  bulk  leakage  cm  rent.  The  measured  bulk  leakage,  recorded  in  the  table,  is 
typically  from  0. 5  to  1. 5  nA. 


e.  High- Frequency-Gain  Characteristics 

The  avalanche  gain  was  measured  at  540  and  1080  MHz  and  compared 
with  the  dc  gain.  The  signal  source  was  an  HeNe  laser  operating  at  6328  a  with  beat 
notes  at  the  above  frequencies.  Reverse  bias  was  supplied  through  a  dc  biaB  tee;  the 
signal  was  fed  directly  to  a  Tektronix  Type  661  sampling  scope  and  an  HP  Type  3406A 
sampling  voltmeter.  The  dc  gain  was  measured  by  taking  the  ratio  cf  the  dc  photo¬ 
current  at  the  bias  voltage  and  30  volts.  Multiplied  photocurrent,  M  I  ,  was  held 

dc  $ 

constant  at  1. 0  mA  to  allow  the  signal  to  be  seen  at  low  gair.  while  avoiding  current 
saturation  effects  present,  at  high  gains.  To  c void  the  high  capacitance  effects  present 
at  low-bias  voltages,  the  M  -  10  as  a  reference  the  ac  gain  at  higher  gains  was  deter- 
mined  A  typical  curve  of  ac  gain  us  dc  gain  is  shown  in  Figure  7 .  The  above 
assumption  is  shown  to  be  valid  since  the  ac  and  dc  gain  is  equal  out  to  a  gain  of  40. 
Saturation  of  the  ac  gain  indicates  that  the  diode e  have  a  gain-bandwidth  product  of 
approximately  80  GHz. 

f.  Equivalent  Circuit 


The  avalanche  photodiede  can  be  represented  by  the  equivalent  circuit 

shown  in  Figure  8.  The  signal  current,  i  ,  is  m  MI,  sin  wt  where  tn  is  the  modulation 

__  S  *3? 

index.  The  noise,  represented  by  i^ ,  was  given  earlier.  Junction  capacitance,  C^,  is 

equal  to  the  measured  capacitance  minus  the  package  capacitance  C  .  0.3  dF  for  the  pill 

P 


package.  The  Beries  resistance.  R  ,  is  typically  one  ohm  for  the  NPtr?  structure.  The 

s 

series  resistance  for  the  BSAPD-1  run  was  determined  to  be  approximately  25  ohms 
from  forward  bias  dc  measurements. 
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3.  Protect  Performance  sad  Sckecbtle 

Texas  Instruments  Incorporated 


Contract  No.  NOfesr  95337  (Pveport)  Date:  July  198? 


tl. 


2. 


3. 


Period  Covered:  16  February  to  16  May  1967 


Device  Design  and  Fabrication 

Obtain  Photomask 

Determine  Optimum  Diffusions 

Produce  Experimental  Epitaxial 
Slices 

Fabricate  Planar  Epitaxial 
Diodes 

Fabricate  N^P  Diodes 

Characterization  of  Experimental 
Diodes 

Gain  Characteristics 

Quantum  Efficiency 

Noise  Performance 

Frequency  Response 

Characterize  and  Deliver 
State  -of -the -Art  Samples 
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Figure  8.  Avalanche  Photodiode  Equivalent  Circuit 

Rem:  Estimated  completion  in  percent  of  total  effort  expected  to  he  expended 
(not  chronological  »• 


1}  Obtain  Photomasks  109% 

2)  Determine  Optimum  Diffusions  190% 

3}  Produce  Experimental  Epitaxial  Slices  100% 

4)  Fabricate  Planar  Epitaxial  Diodes  100% 

5)  Fabricate  N  P  Diodes  75% 

6)  Determine  Gain  Characteristics  75% 

7)  Determine  Quantum  Efficiency  20% 

8)  Determine  Noise  Characteristics  60% 

S)  Determine  Frequency  Response  20% 

10)  Characterize  and  Deliver  Samples  50% 
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D.  CONCLUSIONS 

A  run  of  NPffP  diodes  was  fabricated  with  avalanche  breakdown  in  the  active  region. 
However,  there  were  microplasmas  and  the  gains  were  low. 

An  additional  run  of  N+P  diodes  was  fabricated,  and  there  was  a  large  number  of 
good  diodes. 

«4* 

Characterisation  of  the  20  state-of-the-art  samples  was  completed.  Several  N  P 
diodes  exhibited  theoretical  noise  characteristics  up  to  gains  of  600.  Based  on  results 
of  the  two  types  of  structures,  the  NPtt  P  structure  effort  is  being  discontinued  in  favor 

•f 

of  the  N  P  structure. 
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SECTION  n 

PROGRAM  FOR  NEXT  INTERVAL 

For  the  next  quarter  we  pk's  the  following  work: 

1)  Meant  died as  from  runs  SSAPD-I  and  H  for  final  characterization. 

2)  Run  com  piste  characterisation  on  final  state-of-the-art  samples. 

3)  Fabricate  and  characterize  N  PP  diodes  if  tii^e  permits. 


IS 


Unclassified _ 

_ Security  Classification _ _ - _ - _ ______ 

DOCtSTsHTCONTaOL  DATA'"-' 

fS«evrt ty  ct»**ittcction  of  title  bod*  ot  ebetvec t  end  tfydoskyj  imotmtlon  «t ;»t  be  entered  tsfisn  She  Cf+*toJi  report  it  ctsmettied) 

!  O^niNATINC  ACTe^lTY  (Corperet*  cuttor)  |2a  REPORT  JlCUftf^r  C  t.A«8ir!CATlOM 


Texas  Instruments  Incorporated 
Dallas,  Texas  75222 


2  6  OROUt* 


s.  report  TITLE 


Development  and  Fabrication  of  Solid- State  High-Speed  Optical  Detectors 


4.  DESCRIPTIVE  NOTES  (Trp*  ot  report  er<S  Inehaolvt  tt ttaoj 

Third  Interim  Engineering  Beport _ 

*  AUTHCRfSJ  (Loot  name,  tint  n<s»,  Irjtlol) 


16  February  1967  to  15  May  1SS7 


Shaunfield,  Wallace  N. 

«.  REPO  PST  DATE 

June  196?  _ 

«C  CONTRACT  OR  GRANT  NO. 

NObsr  95337 

b.  PROJECT  NO. 

SF021-02-01 

e. 

Task  No.  9349 


7«.  total  no.  or  pass?  74.  «o.  or  rer s 

_ 19 _ % 

Sc.  ORtOIWATOR'9  REPORT  NUMBS Ktv 

03-87-53 


84.  OTHER  RSPCRT  t*’X3)  (An?  toot  taSV  t*  ossigxta 

Olio  import) 


10.  AVAILABILITY/LIMITATION  NOTICES 


II.  5UPPL EVENTARY  NOTES 


12.  BP0»SCSK!K5  Kj'_!TANY  ACTIVITY 

llsvy  Dap&rtmeri,  Bureau  of  Shigss7 
Electronics  Division 


13.  ABSTRACT 


Work  continued  on  development  sad  fabries&on  of  a  high-speed  gffieon  sva^ssefes 
photodetector  optimized  for  operation,  at  &  9  During  this  quarter  wegk  :?§&J  enpcsa- 

irated  on  the  fabrieatioa  and  cfeaxasterfeaticn  of  diods2r  A  run  of  NPfP  4£c4ss  was  _ . 
completed  with  avalanche  breakdown  teMag  place  in  tha  active  region  instg&d  efths  «%£. 
However,  there  were  mieroplcsmaa,  and  iaa  gains  were  low.  A  asa?  pm  cf  . . 

gaardring  structure  was  completed,  and  ike  yield  was  high.  Wishing  rm  as&fhe  pm 
processed  earlier  there  are  sufficient  diodes  to  meet  tho  sqsir&et  feqtuissmes^s. .  ..Stemmy 
state-of-the-art  samples  were  characterized  aad  Slivered.  Hssnlts  the  N*"P  graded- 
guardring  diodes  were  very  sascisrsgfcig.  Avslaachc  galas  of  oyer  SGS  were  typical. 
Several  of  the  diodes  mddMied  ihsoi&tid&X  seise  efcarseter^sfcfes  with  gains  great®?  t£s» 
609.  The  series  resistance  was  cfetermiasd  vo  bt»  a^resrfmatqly  2S  ohms  gross.  foresrd  ... 
bias  do  measurements.  Capacitance  of  both,  types  of  siruefe^ss  was  approximately  2. 4-pF 
at  breakdown.  '  .  - 


Security  ClessiBcatica 


K«Y  BOROS 


- LIH*  * _ UHK  B  t  UKK  C 

ROLE  |  WT  ROLE  I  BT  j  WOLB  I  WT 


High-speed  photodgtecior 
Avslaache  photodiode 
Silicon  photodetector 
Low-noise  photodiode 


I  ISSTRtJCmOiTE 

1  \  °RIGISA‘rlIK5  ACTIVITY:  Enter  the  nemo  end  address  tepoae 
°f  the  ^oMrector.  subcontractor,  grantee,  Department  of  De-  inch  ai 
I  <*  other  organization  ' corporal  j  enthor)  issuing  ^ 

REPORT  SECOKTY  CLASSIFICATION:  Enter  tbs  oven- 
jdl  Sfco^ty  cies^Sication  or  tka  rsport-  Indie  etc  whether 
Restricted  irate  is  included  Harking  is  to  be  in  accord¬ 
ance  with  expropriate  security  regulations.  (3) 

2i.  GROUP:  Automatic  downgrading  Is  specified  in  DoD  Di¬ 
rective  3200. 10  and  Armed  Forces  Industrie!  Ksnuah  Ewer 
tiw  group  nambir.  Alao.  when  applicable,  shew  that  optional 
wertungs  have  been  used  tor  Group  3  and  Croup  4  as  author-  (4) 

3,  REPORT  "TCE:  Eater  the  complete  repost  title  In  all 
cepital  Jotters.  Titian  in  ell  esses  should  be  unclassified. 

“  a  meaningful  title  cannot  be  selected  without  clarsiflco- 
tlosv  shew  title  cietsificcUon  In  all  ‘capitals  In  parenthesis  (5> 

a-  a=t=ediate!y  following  the  title. 

||  4.  DgSCRXSTJVE  NOTES:  If  appropriate,  enter  the  type  of 
I*  wp«t,  e.&.  interim,  progress,  summary,  annual,  or  final.  -  „  .. 

£  Glvc  »w  inclusive  dates  when  c  specific  repeating  period  is  -  “  " 

I'  covered.  '  oervtrsn 

AW^JSfbj:  Enter  the  nameCs)  of  sutfeorfs)  93  shown  on  < ,  „!T] 

3  or  in  Inc  -tgort.  Erscr  inot  ns®*.  first  nenw,  ai*3e  iniileh  ,  SUJ 
P  if  all *i«?y.j»ftow  reck  and  branch  of  service  TJ»  >■»««»  0f  5304 

S;  tlteprlftelpel  sutfor  Is  Pit:  absolute  miniaussrstjuiiensect.  12.  SPS 

|  b.  rfEPCJ^T  DATE.  Edcr'tfea  ttete  e?  the  report  *&  day,  ?*•?’ 

i.  mouthy  jean. or  taontb,  year-  If  more  thou  arv?  dctc  appease  &r' 

■  on  the  report,  u-wtd«-j*f  publication.  U.  AS 

y  7*  CF  pages  w«  total  peso  ceeai  summary 

'r,  follow  c&nsiil  pegiOEtion  crocedsrts,  i,e..  enter  tbo  T'*'33*  ® 

r;  Knr-bcr  of  J»se*  wsrtflfc-feS;  isformetiGC,  V®1*-  " 

E*  -»  be  &{£&d 

F  3b.  -  -fegmsSW  REFXKEHCSS  Ester  the  tojal-ssafeee  of 

£  refefeaefes  cti-^S  it  the  retort.  11 « 

s*-  comber  CKAKT  fTfiaSSJt  Ft&h&tit£*.S3X<3r  enSdte 

the  sj?51«ie$ht©'2Srmfeez  of  the  co tfircc*  or  gratg:  undo'  which  fcrstatioi 

l  :ho  n^ort  wsa  writ*  an,  ... 

.  ^  I*fi03ECT  fsUISER:  Zctar  the  *pprep?jtJ®  svar,  the 

;  s>vs»t*jT-  ^spettJowiideatiRi^Jtj-stv  5ucfe.  es.  project  ass-bo?, 
xuhp ro j vet  esafeer,  system  nua^jetfs,  tssi  ffsufcw.  «c  14.  ESI 

;  **•  C'ifiGSJfATCSR'E  REPORT  STIJagtitS):  Ewer  tic  eta- 
cial  report  ssumbw  fey  wferi.  the  document  wj<  be  identified  I  aslectS 
wdcotar^fwJbyttJvorisiantlssoctivjty.  This  number  caret  fl***  * 

be  «niqw  te  fid,  rope*,  p^’ct^ 

Sfe.  OTHER  REPORT  NmSTERfSfe  If  the  reran  feaa  b«m  to 

nnstpued  any  other  rsy-w*  mrrdjer*  feifScr  fey  lie  oriSaato.-  te!rt*  Tfc 

or  fey  ffee.  ajmnawA  elao  etdrs;  this  tvsriB«r(s}. 

IS.  AVAIL AMLiTT/T.£KcTATK^  SKHTICES:  E«er  esy  Ijta- 
itatiCTjS  os  feihw  di»canfcts(jon  s$  Vkt  rppeat,  c.;hcr  thatt  those 


^oaed  by  security  classification,  using  standard  statements 

(1)  "Qualified  requesters  nay  obtain  cop'ea  Of  this 
report  from  DDC.” 

,2)  “F orrign  atxuuncetsect  end  disaeminction  cf  »M« 
report  by  DDC  is  not  authorized. " 

(3)  "U.  S.  Gcvsrnnvfnt  agendas  may  obtain  copies  of 
thin  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  r-quoet  through 

-  »» 

(4)  "U.  a  military  agencies  may  obtain  copies  of  thin 
report  directly  from  DDC  Other  qualified  users 
shell  t&qoezt  through 

_ _  tt 

~  —  —  -  -  -  — -  -.  _ r  Ir  • 

(5)  "AH  distribution  of  this  report  is  eoctrclloA  Qad- 
ifled  DDC  users  shell  request  through 

.  M 

*  1,1  11  - -  ■  .  -  _  » 

thc  IJP031  b"8  beer-  furnished  to  the  Office  of  Technical 
Sremcsra.  Department  at  Coumarce,  for  sale  to  the  pcbltc,  t-dj. 
cate  his  fact  and  sntsr  tfco  pries,  if  icowa. 

1L  SUPPLESSENTARY  yKXTiZ:  Use  for  additlc^sl  cnpltusv 
fzty  note*. 

12.  SPOKSOSEDW  1SIUTASY  ACTIVITY:  Etsar  tte  aams  of 
the  sepsrtoeatei  project  office  or  laboratory  spoewrtaz  fpey- 
WS  for^  tie  -  research  ami  development.  Inciu-le  pd&sos. 

T3.  ASSTilACT:  Eater  en  ebstrast  giving  u  brief  end  factual 
summary  at  the  document  indicative  of  the  report,  even  tf  yagh 
»  nsy  aixo  appear  slssnrbero  in  the  body  cf  the  ro-imW' 

18  r®¥lijcd*  a  coatinaatioa  afeoatabsU' 

,  „ 11  /*  hf^u?  ^shade  that  the  abated  cf  ciasaiDcd^resxrrta 

^  of  fea  efc«»£t  shell  end  with 

as  -sdicatiw  of  the  niHteir  oocrtrity  clasa'Hcatioa  fcf  ths  ic- 
-erttat-on  Ji  the  paragraph,  repreaeatod  *s  fra;,  ,*v.  t'CJ.  «r  pi). 

‘15,fere  19  no  limitation  on  tbs  leegth  at  ft*  sbsirect.  Ho-»- 
avrr,  the  sosgested  langfa  ia  &a=a.l55J  t*  22S  cse.-de. 

L\S’°5^w.!^’,,8<iif5  teefcaiesfiy  acsmngftii  tartaa 
short  phrase*  that  characterize  &  repon  *=4  atr  t»  Med  *a 

i8?SX .2StleV,5r  “^loslos  lh*  Mport.  Roy  worfn  »Sst  fey 
««ctsd  so  that  no  security  cUsafficetioo  Je  required.  Idsufi- 
K*Ili?:scnt  ®odeI  iesiCSsSoo.  trod*-  came.  mUitarc 
project  code  Mat,  ceogropfijc  location,  ttry  c?  used  as  key 
foilowsd  by  an  lodicatice  or  technical  coa- 
.  ”  assignment  of  links,  rulss.  and  weight*  is  optional. 


UaeWt§lfIsd  - 
Secariiy  Cjassificstloa 


